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Abstract 

Goal, Scope and Background. Despite the well-known advan¬ 
tages of recycling materials to reduce solid waste or save natu¬ 
ral resources, the recycling stage is an additional process within 
the life cycle that has its own energy and input requirements, as 
well as specific emissions. The objective of the present paper is 
to analyze the life cycle inventory associated with the increase 
in recycling rate (from 2 % up to 22% at present) of the card¬ 
board contained in the aseptic packaging for long-life milk. The 
main aspects of the manufacturing of the Tetra Pak aseptic pack¬ 
age, including the filling of the product, the distribution of the 
conditioned product, up to the final disposal and recycling rates, 
were considered. 

Materials and Methods. This study was conducted in accordance 
with the general directives of the ISO 14040 series. The packag¬ 
ing material system was assessed using 1000 liters of milk as a 
functional unit, in a packaging system containing 12 units of 1 L 
cartons each, placed on a corrugated paperboard tray wrapped 
in polyethylene shrink film and arranged onto one-way wooden 
pallets. Brazilian inventories for energy, carton, corrugated pa¬ 
perboard and aluminum, based on site-collected data were em¬ 
ployed. The final disposal of used packages was modeled using 
the Average Brazilian Municipal Solid Waste Management data 
collected for the purpose of the census of the year 2000. 
Results. Comparison of the total energy consumption through¬ 
out the whole life cycle of two recycling scenarios (i.e. different 
recycling rates) analyzed shows that the higher recycling rate 
led to a 6 % reduction of the total energy requirement for the 
long-life milk package material system. The most significant 
reductions in the consumption of natural resources were: 8% 
water, 11% wood and 10% land use savings. Greenhouse gases 
were the main reduced air emissions and contributed with a 
reduction of 9.7% in GWR Most water emissions were reduced: 
10% COD, 9% BOD and 6 % TSS. A unique drawback directly 
caused by the increase of the recycling rate was an increase of 
14.4 g in TDS emissions (57%). 

Discussion. The reduction in energy requirements are related 
and limited to the proportionality among the different materi¬ 
als that make up the packaging system. Most emission reduc¬ 
tions result from the replacement of virgin materials with re¬ 
cycled materials in the packaging system. Although the average 


balance of water emissions is positive, the need to improve 
wastewater treatment processes in the paper recycling plants to 
reduce TDS is highlighted as a key issue. 

Conclusions. It may be concluded that the increase in the recy¬ 
cling rate brings about a series of benefits in terms of reduction 
of energy and natural resource consumption, air pollutants and 
most water emissions. In this case, the increase of the recycling 
rate improved the overall environmental performance of the asep¬ 
tic Tetra Pak system for milk. 

Recommendations and Perspectives. The authors are currently 
analyzing alternative recycling scenarios that will enable one to 
evaluate maximum reduction in GWP. Further studies could in¬ 
clude the agriculture stages, livestock and consumer phase to 
broaden the environmental evaluation. 


Keywords: Emissions; LCIA; recycling rate; Tetra Brik aseptic 
carton 


Introduction 

LCA constitutes an important instrument to evaluate the 
environmental effects brought about by changes in process¬ 
ing technologies, efficiency improvements, substitution of 
raw materials, recycling, etc. When the inventory generated 
is looked at from a historical perspective, the environmental 
improvements can be measured and compared to past data. 
Communication is easier among the stakeholders along the 
entire product lyfe cycle chain. The overview of the product 
process chain allows us to assess the benefits and the draw¬ 
backs of different alternatives. The recycling process is an 
additional or complementary process that has its own en¬ 
ergy and input requirements, as well as process-specific emis¬ 
sions. Collection and transport of post-consumption resi¬ 
dues up to the recycling plant usually produces emissions 
into the air. Thus, from an environmental point of view, it is 
necessary to balance all of the processes in order to evaluate 
the advantages of the recycling processes. Finnveden and 
Ekwall (1998) evaluated the results of 11 studies (conducted 
in Sweden, Western Europe, Denmark and Germany) com¬ 
paring recycling versus paper incineration and found a clear 
environmental advantage for recycling. Some studies have 
been reported involving LCA of milk packagings. A detailed 
LCA study for the dairy sector including the production of 
milk at farm level and milk processing at the dairy plant 
was conducted by Hospido (2003) using different databases. 

* ESS-Submission Editor: Dr. Andreas A. Detzel 
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The main environmental impacts found were eutrophica¬ 
tion, acidification and global warming potential. Eutrophi¬ 
cation and acidification were generated at the farms and 
dairies, whereas the impacts on GWP were mainly associ¬ 
ated with the Tetra Pak package. 

Lundholm and Sundstrom (1985) carried out a study aiming 
to elucidate the environmental effects of the Tetra Pak aseptic 
package designed for juice, non-carbonated fruit beverages, 
wine and other non-dairy liquid food products. For reference, 
environmental effects have also been assessed for two other 
packaging systems, one being a disposable glass bottle and the 
other a refillable glass bottle with an estimated life of 10-20 
trips. Due to the similarity of this study, some of their findings 
are compared with those of this paper. 

1 Objective 

Brazil is a very large country, with specific characteristics in 
terms of the renewable energy matrix, long transport dis¬ 
tances and a specific national waste management profile. 
For that reason, the purpose of this work is to analyze - 
within the limits of the average Brazilian situation - the 
changes in the consumption of natural resources and emis¬ 
sions into the atmosphere and water bodies and the genera¬ 
tion of solids associated with the increase of the recycling 
rate (from 2% up to 22% at present) of the cardboard present 
in the aseptic packaging for long-life milk. 

2 Methods 

This study has been conducted in accordance with the rec¬ 
ommendations of International Standards ISO 14040 — En¬ 
vironment management - Fife cycle assessment - Principles 
and framework (1997) and 14041 - Environment manage¬ 
ment - Fife cycle assessment - Goal and scope definition 
and inventory analysis. 

2.1 System evaluated and the functional unit 

The functional unit considers the complete packaging sys¬ 
tem: 1,000 liters of milk, distributed in corrugated paper- 
board trays with 12 x 1 F units, wrapped with polyethylene 
shrink film, arranged on one-way wooden pallets. 

The aseptic packaging material is composed of a laminate 
of paper, polyethylene and aluminum foil. Each layer of the 
laminate has specific functions: the paper delivers stiffness 
to the packaging; polyethylene is a liquid barrier and the 
aluminum foil blocks out light and oxygen, extending the 
shelf life of the milk for 3 months, without refrigeration or 
preservatives. 

The main aspects of the manufacturing of the Tetra Pak asep¬ 
tic package, including the filling of the product, the distri¬ 
bution of the conditioned product up to final disposal and 
recycling rates, were considered. 

2.2 Boundaries of the study 

The inventories concerning the manufacturing of the pack¬ 
aging materials consider the extraction of natural resources: 
polyethylene from crude oil or equivalent; cellulose from 
trees (silviculture) and aluminum from bauxite. After ex¬ 
traction, the manufacturing of the raw materials, their pro¬ 
cessing, the manufacturing of the packaging materials, the 


Boundaries of the system 



Fig. 1 : Boundaries of the evaluated system 

filling process, their disposal, final destination and the recy¬ 
cling rate after consumption, were considered. The main 
aspects related to filling, sealing and sterilization of the pack¬ 
aging were considered. Shipping of the processed product 
to retail outlets and the transport of post-consumption ma¬ 
terials (used packages) for recycling or final disposal were 
also included, as outlined in Fig. 1. 

Since life cycle studies have been conducted in Brazil only 
since 1998, only a limited number of industrial processes 
have been extensively studied to date. Due to the specific 
characteristics of the country, CETEA decided to incorpo¬ 
rate only national Brazilian data into their projects. For that 
reason, the following aspects were excluded when the bound¬ 
aries of this study were defined: a) the life cycle of milk 
(agriculture, livestock fodder production, consumption and 
domestic disposal); b) the production of the inputs used in 
the manufacturing of the packaging materials, such as caus¬ 
tic soda, sodium sulphate, aluminum sulphate, kaolin, starch, 
etc.; c) the treatment of milk prior to being packaged, steril¬ 
ization, pasteurization or other heat treatment and d) the 
emissions of truck engines burning diesel fuel throughout 
the distribution chain of the finished product (gas stations) 
and the final delivery to retail outlets by road. 

2.3 The manufacturing of the asepticTetra Pak laminate 

The production of the asepticTetra Pak laminate used to 
manufacture containers intended to hold liquid foods con¬ 
sists of the printing of the cardboard, followed by laminat¬ 
ing with aluminum foil with extrusion of LDPE and the ap¬ 
plication of the internal layers of LDPE, also by extrusion. 
The transport steps considered for the manufacturing of the 
cardboard take into account the distance between the sup¬ 
pliers of the raw materials (cardboard, polyethylene, alumi¬ 
num and ink) and the plant located in the city of Monte 
Mor, SP. Transport with heavy and medium-sized trucks were 
considered. In those cases where the truck returned empty 
to its point of origin, the distances were doubled. 
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2.4 Filling of the product 

Roll-fed packaging material is sterilized and shaped into a 
tube on the TBA machines. The tube is filled with the prod¬ 
uct and the packages are shaped and sealed below the sur¬ 
face of the liquid 

The consumption of electric energy, water vapor and water 
considered were based on the characteristics of the TBA ma¬ 
chines available on the industrial market in Brazil and are 
identical to the data used in the study from the year 2000. The 
data relative to the treatment and sterilization of the milk were 
excluded from this study. The factors associated with the ster¬ 
ilization of the packaging material, the shaping of the Tetra 
Pak aseptic package and the filling of the milk were quanti¬ 
fied. Process losses inherent to the production of the Tetra Pak 
aseptic package were estimated at 0.5% of the corrugated 
paperboard and carton structure and it was considered that 
these residues were further dealt with according to the Bra¬ 
zilian average solid waste management profile. 

2.5 The transport steps 

The transport distances involved in the production of raw 
and recycled materials were calculated based on the average 
distance between each supplier and the plant studied. The 
emissions generated during transport were included in the in¬ 
ventory of each packaging material. The most significant trans¬ 
port distances in the final inventory were: 900 and 2,070 km 
between the manufacturing sites of the carton and aluminum 
used and the aseptic carton production plant; 840 and 100 km 
between the aseptic carton and corrugated paperboard pro¬ 
duction sites and the milk filling stations; and 900 km for the 
transportation of post-consumption packages to the paper 
recycling plant. The average distribution radius for packaged 
milk was estimated at 200 km, since there are long-life milk 
producers in practically all regions in the country. 

Heavy trucks (> 18 metric tons) were used in most of the 
transportation stages, except for the shipping of post-con¬ 
sumption packagings up to the paper recycling plants, which 
is normally accomplished using medium-sized vehicles (6— 
18 metric tons). European emission factors (Faiz 1999) were 
adjusted to the average diesel consumption rates of the Bra¬ 
zilian truck fleet due to the unavailability of local data and 
the similarity of the fuel consumption levels in EuropeSelec- 
tive collection is carried out by street collectors who live at 
the Bottom of the Pyramid (BoP) and try to make a living 
out of collecting saleable material from household garbage. 
There are approximately 400,000 street collectors in Brazil. 

2.6 Recycling rates 

Tetra Pak, in close collaboration with all the stakeholders of 
the whole productive chain, raised the recycling rate of its 
post-consumption long-life milk packagings from 2% (2000) 
to 22% (2004) by encouraging the implementation of selec¬ 
tive collection programs. One of the main objectives of this 
study has been to assess the effect of this increase in recy¬ 
cling rates. These rates refer to the carton structure and the 
recovery of only the cardboard. As cardboard represents 
75% of the total aseptic package mass, the actual recycled 
cardboard rates considered for the purpose of this study were 


on the order of 1.5 and 16.5%. The cellulose material from 
the post-consumption packages gives high quality fibers, 
most of which (around 90% of the total fiber content) are 
recovered by a corrugated paperboard company and re-used 
in the production of new distribution boxes. No environ¬ 
mental burden was assigned for waste paper as input mate¬ 
rial, in accordance with the ecoinvent (Hischier 2005). 

The Brazilian Association of Corrugated Paperboard (ABPO) 
reported an average recycling rate of 77.3% for 2004. For 
shrink film residues, an average recycling rate of 20% was 
considered. The recycling of aluminum and polyethylene has 
not been taken into account in this evaluation. 

2.7 Brazilian database representativeness 

Energy. In Brazil, electric energy for public utility services is 
produced by an interconnected system of electric plants, 
mostly hydro-electric (93.5%). A large part of the paper 
manufacturers, however, are almost self-sufficient in terms 
of electric power and generate electric energy from the burn¬ 
ing of black liquor and plant biomass. Black liquor is a mix¬ 
ture of cooking chemicals and dissolved wood material re¬ 
maining after soda or sulphate pulp cooking. Most of the 
energy used in oil refineries is generated from their own by¬ 
products, therefore, from fossil fuels. The main aspects (con¬ 
sumption and emission) of the extraction and production 
processes of fossil fuels (pre-combustion), such as diesel oil, 
fuel oil, coal, natural gas and liquefied petroleum gas, have 
been included within the boundaries of the study. In Brazil, 
goods are predominantly transported by road. The emis¬ 
sions generated by trucks burning diesel fuel have been con¬ 
sidered for the transport of all the main inputs used in the 
manufacture of packaging materials, from the extraction of 
raw materials, manufacturing of intermediary products up 
to the obtainment of the final packaging material. 

The data concerning the generation and distribution of Bra¬ 
zilian electric energy are based on the data collected between 
1997 and 1998, and updated in 2000 (Coltro 2003). 

Packing materials. The data concerning the production of 
cardboard were provided by the main supplier of cardboard 
used in the manufacturing of the Tetra Pak aseptic carton 
(Mourad 2000a). 

The LCA inventories of corrugated paperboard boxes in¬ 
corporate the data contained in the Brazilian average inven¬ 
tory of the companies involved in the production of this 
packaging material from 1997 to 1998: participations over 
75% (paperboard liners), 75% (medium papers) and 50% 
(corrugated paperboards), considering the market share of 
each collaborating company, representing the data collected 
from 18 plants (Mourad 2000b). 

The data concerning the production of ethylene (catalytic 
cracking of naphtha) from crude oil refining were estimated 
based on Brazilian public sector data and the study pub¬ 
lished by BOUSTED. The manufacturing of low density 
polyethylene (polymerization) from ethylene was quantified 
from the data obtained from the two resin suppliers of Tetra 
Pak, weighted by the rate of supply in 1997/1998. The manu¬ 
facturing data of the aseptic carton structure refer to a Tetra 
Pak plant in Brazil, assessed between 1998 and 1999. These 
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data are presented in the sectional report which is part of 
the Tetra Pak Life Cycle Assessment (LCA) of Packaging 
Material for the Brazilian market (Garcia 2000). 

The data concerning the manufacturing of aluminum foil 
were based on data collected between 1998 and 2000 and 
relative to average aluminum foil, the life cycle inventory of 
which integrated in the Project 'Life Cycle Assessment of 
Aluminum Products' (Gatti 2000). 

2.8 Brazilian municipal solid waste management 

The inventories presented in this paper also include the dis¬ 
tribution of the packaged product and their final disposal. 
Furthermore, the final destination of the residues, and the 
recycling process practices in the country have been taken 
into account. 

According to the Brazilian Institute of Statistics and Geog¬ 
raphy - IBGE (2000) 228,413 tons of garbage are collected 
daily in Brazil, an amount equivalent to 79.9% of all the 
garbage produced in the country. To modelate the final dis¬ 
posal of packaging materials, the Average Brazilian Munici¬ 
pal Solid Waste Management as surveyed through the census 
of 2000 was taken into consideration: 79.9% of all garbage is 
collected and 20.1% is not collected. Of all collected garbage, 
21.3% ends up in open dumps, 37.0% goes to controlled land¬ 
fills, 36.2% is processed in sanitary landfills and 5.5% have 
other destinations (incineration, etc.). Aerobic degradation was 
assumed for the degradation of cellulose materials that ends 
up in open dumps, have other destinations or are not col¬ 
lected. Anaerobic degradation of cellulose with generation 
of the same molar fraction of C0 2 and methane was as¬ 
sumed for the garbage that ends up in sanitary or controlled 
landfills. Neither polyethylene nor aluminum has been con¬ 
sidered to contribute with any gas emission. 

3 Results 

3.1 Energy consumption 

Energy requirement is one of the major parameters of the 
life cycle inventories, since it gives us an idea of the relative 
importance of each of the steps, all of which consume en¬ 
ergy either directly or indirectly. Comparison of the total 


energy consumption involved in the whole life cycle of the 
two analyzed situations for the long-life milk package mate¬ 
rial system investigated in this study shows that the total 
reduction of the energy requirement of the system resulting 
from the increase of the recycling rate (2% to 22%) is 
154 MJ/1,000 L milk or about 6%: 

- 2% recycling: Total energy consumption: 2,505 MJ/ 
1,000 L milk. (2,309 MJ for packaging system, 30 MJ 
for filling, 164 MJ for distribution transport and 3MJ 
for final disposal 

- 22% recycling: Total energy consumption: 2,351 MJ/ 
1,000 L milk. (2,156 MJ for packaging system, 30 MJ 
for filling, 164 MJ for distribution transport and 2MJ 
for final disposal 

The 20% increase in the recycling is exclusively relative to 
the recycling of higher amounts of the cardboard contained 
in the Tetra Pak aseptic package (75%), which represents 
about 47% of the packaging material system. Thus, the in¬ 
crease of cardboard recycling represents 7% of the total 
packaging mass. Considering that the item 'packaging sys¬ 
tem' represents 92% of the energy consumption of the evalu¬ 
ated system, a maximum energy reduction of 6.7% is ex¬ 
pected theoretically. The energy involved in the transport of 
post-consumption packages to recycling plants is incorpo¬ 
rated into the item 'Packaging system'. 

Lundholm and Sundstrom (1985) have found a similar level 
of energy consumption of 2430 MJ/1000 liters of juice us¬ 
ing a dozen 1 liter cartons (Tetra Pak aseptic) wrapped in a 
corrugated paperboard tray and landfill disposal of post 
consumption residues. 

3.2 Natural resources consumption 

In addition to the general reduction of the energy require¬ 
ment, the increase in the recycling rate from 2% to 22%, 
also brought about a reduction in the consumption of im¬ 
portant natural resources (Fig. 2) 8% (130 kg) reduction in 
the consumption of water; 7% reduction in the consump¬ 
tion of coal; 11% (18 kg) reduction in the consumption of 
wood; 10% (12 m 2 /year) reduction in land use (reforesting 
area) and 7 % reduction in landfill volume. 
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Fig. 2: Comparison of energy involved and consumption of natural resources associated with the system, considering recycling rates of 2% and 22% of 
the Tetra Pak Aseptic package 
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In the specific case of Brazil, the reduction of the amounts of 
water used for industrial purposes is a crucial issue since the 
country lacks the capacity to treat sewage and waste waters 
adequately. Since the cellulose industry requires very high 
amounts of water, the increase of the recycling rate saved 129 
liters of water per functional unit of 1,000 liters of milk. 

Coal and part of the wood are used mainly as fuel in facto¬ 
ries producing cellulose from wood subsequently to be trans¬ 
formed into paper, cardboard, corrugated paperboard, etc. 
The wood in this inventory is made up basically of pine and 
eucalyptus and stands as the most preserved resource as a 
result of increasing the recycling rate from 2% to 22%. 

Associated with the reduction in the use of wood is the re¬ 
duction in continuous land use. The increase of the recy¬ 
cling rate releases 12 m 2 .year of reforesting area, allowing, 
for example, this area to be used for other purposes, or 
making this area simply available for leisure. 

Another significant benefit is the reduction of the volume 
required for final disposal (as a result of the reduction of 
both the process waste and the amount of material that is 
recycled), that is landfill and/or open dump volume space. 
The reduction of the final landfill volume due to the increase 
of the recycling rate from 2% to 22% was 7.5%, consider¬ 
ing the apparent density of each residue. 

The increasing need to create new sites for the final disposal 
of garbage is an important issue since, in addition to being 
costly, it increases the risks of contamination of deep-seated 
water and causes a bad smell in the imediate vicinities of 
these sites. 

The increase in the consumption of natural gas (0.3%) and 
oil (0.5%) are much smaller than the benefits coming from 
the reduction in the consumption of water, wood, coal and 
land use, between 7 and 11%. 

3.3 Air pollutants 

With the increase of the recycling rate from 2 to 22%, a 
reduction in all the most significant emissions into the at¬ 
mosphere may be noticed, as shown in Fig. 3: a reduction of 
18% (640 g) in the emission of methane; 0.1% (99 g) in the 
emission of non-renewable C0 2 , a reduction of 5% (17 g) 


in the emission of VOC (not alkanes, alkenes, alkynes, alde¬ 
hydes, aromatic and halogenated); a reduction of 8% (108 g) 
in CO emission; a reduction of 6% (88 g) in the emission of 
sulphur oxides (SO x ); a reduction of 8% (108 g) in the emis¬ 
sion of nitrogen oxides (NO x ) and a reduction of 10% (69 g) 
in the emission of particulates. 

The greatest reductions are relative to greenhouse gases, such 
as CH 4 non-renewable C0 2 and CO. The reduction on the 
level of particulates is mainly due to the substitution of vir¬ 
gin by recycled pulp. 

3.4 Water pollutants 

The benefits relative to emissions into water bodies were a 
little smaller than those determined concerning emissions 
into the atmosphere, as shown in Fig. 4. The following, most 
significant reductions of emissions into bodies of water were 
observed: a reduction of 9% (7 g) in BOD; a reduction of 
10% (40 g) in COD and a reduction of 6% (5 g) in Total 
Suspended Solids. 

If, on the one hand, only benefits resulted from the increase 
of the recycling rate from 2 to 22% in terms of the energy 
requirement consumption of natural resources and emissions 
into the atmosphere and water bodies, it is also true that a 
significant increase of 57% (14 g) was observed in the emis¬ 
sion of Total Dissolved Solids -(TDS) as compared to the 
recycling rate of 2%. 

3.5 Contribution analysis 

Contribution Analysis of the final inventory parameters' 
values of the steps of the packaging system, filling, trans¬ 
port and final disposal, shows that most of the emissions 
into the atmosphere and into water bodies are directly asso¬ 
ciated with the packaging system, followed by the emissions 
inherent to the shipping of the raw materials used to manu¬ 
facture the packaging (Tetra Pak aseptic package, corrugated 
paperboard tray, shrink film and pallet), transport of the 
packaging material to the dairy plant and distribution of the 
packaged product. Contribution Analysis of the two recy¬ 
cling rates (2 and 22%) generates practically the same in¬ 
ventory numbers. 
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Fig. 3: Comparison of the main air emissions associated with the system, considering recycling rates of 2% and 22% of the Tetra Pak Aseptic package 
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Fig. 4: Comparison of the main emissions into water bodies associated with the system, considering recycling rates of 2% and 22% of the Tetra Pak 
Aseptic package 



Fig. 5: Contribution Analysis of the different steps in relation to the main 
inventoried air emissions, considering the system with a recycling rate 
of 22% 


The greatest difference in contribution by each of the indi¬ 
vidual steps is found in air emissions as can be seen in Fig. 5. 
The packaging system is responsible for more than 80% of 
almost all significant emissions into the atmosphere, except 
methane. Methane is emitted mainly at the final disposal of 
the packaging materials (98 and 97%, for the 2 and 22% 
recycling rate scenarios, respectively) and stem from the 
anaerobic decomposition of the cardboard occurring in land¬ 
fills. For the same reason, the final disposal stage is also 
responsible for approximately 12% of the emission of re¬ 
newable carbon dioxide. 

4 Discussion 

The reduction in the energy requirement is of the same or¬ 
der of magnitude as the increase of recycled cardboard mass, 
showing that any alterations in the process or recycling rate 
are related and limited to this proportionality among the 
different materials that make up the packaging system. 


After analyzing the type of energy involved in two recycling 
rates cases: 

- 2% recycling: Total energy consumption: 2,505 MJ/ 
1,000 L milk. (366 MJ of hydroelectric, 1,208 MJ of 
biomass, 931 MJ of fossil), 

- 22% recycling: Total energy consumption: 2,351 MJ/ 
1,000 L milk. (361 MJ of hydroelectric, 1,059 MJ of 
biomass, 931 MJ of fossil) 

It can be concluded that the most important difference comes 
from the energy saved by the reduction of biomass - 149 MJ. 
Thus, the significant distance to recycling plants - 900 km 
on average, have a smaller impact on total energy consump¬ 
tion than energy savings that result from the substitution of 
virgin by recycled materials. 

The reduction of the emissions into the atmosphere due to 
the increase of the recycling rate from 2 to 22% brought 
about a reduction of 15.4 kg C0 2 equiv or 9.7% in GWP. In 
this evaluation, the values adopted for the GWP are for a 
100-year horizon (IPCC 2005). 

The reductions in COD, BOD and TSS emissions benefit 
the Southern region of the country more specifically, which 
has a lower population density than the Southeastern re¬ 
gion where many of the recycling plants are located. There¬ 
fore, in order to obtain a tangible environmental advantage 
for recycling it is necessary to improve the wastewater treat¬ 
ment step of the recycling processes.TDS is a measure of the 
combined content of all inorganic and organic substances 
contained in a liquid which are present in a suspended form, 
with size smaller than two micrometers. The high value re¬ 
sults from the greater emission of dissolved solids during 
paper recycling, since this process increases the quantity of 
substances dissolved in wastewater, a feature also common 
to recycling processes of other materials. The environmen¬ 
tal performance of a single manufacturer of virgin cardboard 
is compared to the average environmental performance of 
waste paper processors. This single step of recycling pro¬ 
cesses may account for the significant difference found and 
is clearly a key issue for the improvement of the overall per¬ 
formance of recycling plants. In fact, people are not con¬ 
cerned with this parameter and the main purpose of efluent 
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treatments is to reduce COD and DBO, by increasing or 
improving the aeration steps to stimulate digestion of the 
organic content of wastewater. 

The inputs used in the manufacture of the packaging materi¬ 
als such as caustic soda, sodium sulphate, aluminum sulphate, 
kaolin, starch, inks represent from 0.05% up to 5% of the 
total mass of the paper produced, therefore their exclusion of 
the boundaries of this study would not modify the results to 
any significant extent. On the other hand, the exclusion of 
stages such as the life cycle of milk at farms, dairies and the 
consumer phase do significantly affect the findings. These steps 
have potential environmental impacts such as eutrophica¬ 
tion and GWP and should be included in future studies. 

5 Conclusions 

Comparison of the total energy consumption involved in 
the whole life cycle of the two analyzed situations for the 
long-life milk package material system investigated in this 
study shows that the total reduction of the energy require¬ 
ment of the system resulting from increasing the recycling 
rate is about 6%. 

In addition to the general reduction of the energy require¬ 
ment, the increase in the recycling rate from 2% to 22%, 
also brought about a reduction in the consumption of im¬ 
portant natural resources such as water (8%) wood (11%), 
and reforesting area (10%). 

The most significant reductions of air pollutants were: meth¬ 
ane (18%), VOC (5%), CO (8%), SO x (6%), NO x (8%) 
and particulates (10%). Since many of these are greenhouse 
gases, a reduction of 15.4 kg C0 2 equiv or 9.7% in GWP 
was calculated. 

The most significant reductions of emission into water bod¬ 
ies observed were: COD (10%), BOD (9%) and Total Sus¬ 
pended Solids - TSS (6%). A unique drawback directly 
caused by the increase of the recycling rate was an increase 
of 14.4 g Total Dissolved Solids - TDS emission (57%). In 
other words, although the overall balance of water emis¬ 
sions is positive the improvement of wastewater treatment 
processes in paper recycling plants is a key issue. It may be 
concluded that the increase of the recycling rate brings about 
a series of benefits in terms of reduction of energy and natu¬ 
ral resource consumption, GWP reductions, air pollutant 
and of most water emissions. In this case, the increase of the 
recycling rate improved the overall environmental perfor¬ 
mance of the aseptic Tetra Pak system for milk. 
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